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CLINICAL RESEARCH STUDIES
Ruptured abdominal aortic aneurysms (AAAs)
are responsible for 1.4% of all the deaths in men over
the age of 65 years in the United Kingdom.1 In
1994, there were 5580 deaths attributed to rup-
tured AAAs in England and Wales (International
Classification of Disease codes, 444.3 and 444.5).2
Almost half of all the deaths from ruptured AAAs
occur outside the hospital,3-6 and, for those cases
that reach a hospital, the operative mortality of
emergency repair of ruptured AAA lies between 30%
and 50%.7-11 Thus, the overall mortality of ruptured
AAA is more than 80%.3-6 Most of these deaths are
potentially preventable because the elective repair of
an asymptomatic AAA can have an operative mortal-
ity of less than 5%.9,12
Because it is easy to detect an AAA with ultra-
sound scanning, a screening program for all men over
the age of 50 years was started in Huntingdon. Five
years after the start of the program, three quarters of
the eligible male population had been invited to par-
ticipate. This report is an evaluation of the impact of
the first 5 years of the screening program on the inci-
dence rate of ruptured AAA in Huntingdon.
METHODS
The screening program for AAAs in the
Huntingdon district was started in November 1991.
Everybody with a fixed residential address in the
United Kingdom is registered with a general practi-
tioner (GP). The GPs therefore were asked to gen-
erate lists of men over the age of 50 years who were
registered with their practice and to prescreen the
list to exclude individuals they would regard as
unsuitable for surgery if an aneurysm was detected.
The suggested exclusion criteria were: end-stage car-
cinoma, end-stage cardiac or respiratory disease, and
senile or pre-senile dementia. Fewer than 2% of the
eligible men were excluded. The potential partici-
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pants then were sent an invitation with the names of
their GPs. No patient invited himself. The screening
was organized with one GP practice at a time, with
the aim of covering the entire district population of
men over 50 years in a stepwise fashion. There was
no predetermined order by which the eligible men
were invited for screening within each GP practice.
This stepped wedge design, in which each subject
could act as his own control, has been considered in
detail elsewhere.13,14 Each person would contribute
to the follow-up for ruptured AAA of the “noninvit-
ed” group before the first screening appointment
and to the follow-up of the “invited” group after the
appointment (Fig 1). Our methods of screening
with ultrasound scanning have been previously
described.15 The maximum infrarenal aortic diame-
ter in the anteroposterior plane was measured. The
subjects with diameters between 2.5 and 2.9 cm
underwent rescanning annually. If the aortic diame-
ter was between 3.0 and 4.5 cm, the rescanning was
performed every six months, and, if it was greater
than 4.5 cm, the patient’s GP was advised to refer
the subject to a vascular surgeon.
Tracing of ruptured abdominal aortic an-
eurysms. Hinchingbrooke Hospital is the only gener-
al hospital in the Huntingdon district, and all ruptured
AAA cases that occurred in the Huntingdon district
would have been taken there. All the operations per-
formed in the hospital had been logged into the hos-
pital’s Contracts and Medical Admissions Information
System since 1990. Since 1988, all the coroners’ post-
mortem examinations performed on sudden unex-
pected deaths in the community had been performed
at Hinchingbrooke Hospital. A thorough attempt was
made to trace all the ruptures that occurred in the
Huntingdon district between January 1, 1991, and
December 31, 1996, whether or not the case reached
the hospital. A combination of methods was used: first,
identification was made of the patients admitted to
hospital via the hospital computer system, intensive
care unit admission records, and operation theater reg-
isters; second, accident and emergency department
records were examined to find patients with ruptured
AAAs who had died in the department or who had
been transferred to another hospital because of lack of
beds; and last, all the post-mortem reports on com-
munity patients during the study period since January
1, 1991, were scrutinized to find any sudden deaths
caused by ruptured AAAs outside the hospital. The
patients who might have died outside the district were
not included in the follow-up. Only the patients with
a diagnosis of ruptured aneurysm, either by operation
or through a post-mortem examination, were includ-
ed in the analysis.
Patients with aneurysm rupture were allocated to
either the invited group or the noninvited group
(control group) on an intention-to-treat basis. A
rupture was allocated to the invited group if it
occurred at a date later than the first screening
appointment. A rupture was registered in the nonin-
vited group if a rupture occurred before a patient
had been given a date for screening.
Calculation of follow-up. The identities of all
the men who were invited for screening and their
appointment dates were retrieved from the database
of the Huntingdon Aneurysm Screening Project.
The start of the study period was set at January 1,
1991, and the end was set at December 31, 1996.
All the men who were invited for screening were
assigned to the invited group from the date of their
first screening appointment.
The population estimates of all the men over the
age of 50 years in the Huntingdon district for the
years 1991 to 1996 were obtained from the Office of
National Statistics. The total person-years (py) fol-
low-up of the entire male population over 50 years in
the Huntingdon district during the study period (ie,
both the invited and noninvited groups) was calcu-
lated with the sum of the population estimates
between 1991 and 1996. The py follow-up in the
invited group was calculated with the multiplication
of the number of subjects invited in each year with
their average follow-up time (Table I). The subjects
who were lost to follow-up were traced through the
database of the Cambridge and Huntingdon Health
Authority. Those subjects who were lost to follow-up
were censored from their date of removal from the
registers. The py follow-up in the noninvited group
was calculated with the subtraction of the total fol-
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Fig 1. Illustration of stepped wedge design and calcula-
tion of persons-per-year follow-up of the invited and not-
invited population.
low-up in the invited population from the total py
follow-up of the entire male population over the age
of 50 years in the Huntingdon District during the
study period. The follow-up in the group invited for
screening was 29,713 py, after a censoring for the loss
of follow-up (Table I). The total py at risk of the
study population was 100,011 py. The follow-up in
the group not invited for screening was calculated as
100,011 – 29,713 = 70,298 py. The incidence rates
and confidence intervals of ruptured AAA were cal-
culated on the basis of the Poisson distribution like-
lihood, with STATA 4.0 for Macintosh (Stata Corp,
College Station, Tex).16
RESULTS
Prevalence of abdominal aortic aneurysm.
Between November 19, 1991, and December 31,
1996, 13,147 men over the age of 50 years in the
Huntingdon district were invited for screening. The
overall response rate was 74%, but this fell away with
increasing age. Of these respondents, 6% were lost
to follow-up.
In total, 469 small AAAs (4.8%; diameter, between
3.0 and 4.5 cm) and 58 large AAAs (0.6%; diameter,
>4.5 cm) were detected on the first screening. The
prevalence increased with age to a peak in the 80-year-
old to 89-year-old band (Table II). No large
aneurysms were found in men older than 86 years.
Incidence of ruptured abdominal aortic
aneurysm. Seventy-eight ruptured aneurysms
occurred in the Huntingdon district between
January 1, 1991, and December 31, 1996. The
mean age at rupture was 77 years, with a range of 59
to 92 years. Sixty-two ruptures occurred in men, and
16 occurred in women (Table III). Sixty-one
patients (47 men) with ruptured AAAs died, 26 of
whom died at home. Only 42% (33) of all patients
with ruptured AAAs underwent operation, 51% (17)
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Table I. Calculation of person-years (py) follow-up of the screened population
Year Male population over 50 years No. invited for screening Average follow-up period (years) py in invited group
1991 15,876 195 5.1 994.5
1992 16,261 2857 4.5 12,856.5
1993 16,501 2434 3.5 8519
1994 16,790 2056 2.5 5140
1995 17,120 2118 1.5 3177
1996 17,463 3478 0.5 1739
Total 100,011 py 13,147 32,426
py censored as result of loss of follow-up 2713
Net follow-up in invited group 29,713
Table II. Prevalence of abdominal aortic aneurysms by age group detected on first screen in men over the
age of 50 years in Huntingdon
Age group (years) 50 to 59 60 to 69 70 to 79 80 to 89 >90 
No. screened 4116 3107 1814 573 48
AAA >29 mm (95% CI) 1.2% (0.9 - 1.6) 5.1% (4.3 - 5.9) 10.3% (8.9 - 11.7) 12.4% (9.7 - 15.1) 8.3% (0.5 - 16.2)
AAA >49 mm (95% CI) 0.05% (0.01 to 0.15) 0.4% (0.2 to 0.7) 1.5% (0.9 to 2.0) 2.8% (1.4 to 4.1) 0
CI, Confidence interval.
Table III. Incidence and mortality rates of ruptured AAA in the Huntingdon district between January 1,
1991, and December 31, 1996
Men Women
Total py at risk 100,011 115,349
No. of ruptured AAAs 62 16
Incidence per 10,000/year (95% CI) 6.2 (4.4 - 7.4) 1.4 (0.7 - 2.1)
No. of subjects who died 47 14
Mortality per 10,000/year (95% CI) 4.7 (3.4 - 6.0) 1.1 (0.6 - 1.8)
py, Person-years; CI, confidence interval.
of whom survived. The overall mortality of ruptured
AAA was 78%. The hospital mortality of elective
repair of AAA for the same period was 5.5%.
Incidence rates of ruptured abdominal aortic
aneurysm in the invited group and the noninvited
(control) group. Of the total 62 ruptured AAAs in
the male population over 50 years, 11 cases occurred
in the invited group and 51 cases occurred in those
not invited (Table IV). The incidence of rupture in
the invited group was 3.7 per 10,000 py (95% confi-
dence interval [CI], 1.9 - 6.3) as compared with 7.3
per 10,000 py in the noninvited (control) group (95%
CI, 5.5 - 9.4). This difference is significant at the 5%
level (c 2 = 4.3; P < .05). The maximum likelihood
estimate for the incidence rate ratio between these
two groups is 0.51 (95% CI, 0.26 - 0.97). This corre-
sponds to a reduction of 49% in the incidence of rup-
tured AAA in the invited group as compared with the
noninvited (control) group (95% CI, 3% - 74%).
Six men who had undergone screening subse-
quently had ruptured AAAs. Three of these men had
been judged unfit for surgery. A fourth man with a
4.8-cm aneurysm and coexisting chronic obstructive
airway disease had a ruptured AAA while undergo-
ing follow-up with ultrasound scans every 6 months.
A fifth patient, with severe Parkinson’s disease, died
of a rupture while undergoing assessment for fitness
for operation. The sixth man had a 4.2-cm aneurysm
but failed to attend for the booked follow-up scans
every 6 months. Five years later, he was incidentally
discovered to have a 6-cm aneurysm during a hospi-
tal admission but again failed to attend the vascular
surgical clinic. The aneurysm ruptured 10 months
later, and it was successfully repaired.
Mortality of ruptured abdominal aortic
aneurysm in the screening group and the control
group. A total of 47 deaths caused by ruptured
AAAs was found in men over 50 years of age during
the study period. Nine of these men were in the invit-
ed group, and 38 were in the noninvited group. The
mortality rate of ruptured AAA in the invited group
was 3.0 per 10,000 py (95% CI, 1.4 - 5.4) as com-
pared with 5.4 per 10,000 py in the noninvited group
(95% CI, 3.9 - 7.3). The most likely estimate for the
mortality rate ratio between these two groups is 0.55
(95% CI, 0.26 - 1.15), a reduction in the mortality of
ruptured AAA of 45% in the group invited for screen-
ing as compared with the control group. However the
95% CI around this estimate is wide (–15% - 74%) and
includes a 0% reduction in mortality.
In the 5-year study period, there were 91 elective
repairs of AAAs, 53 of which were detected in the
screening program. There were five deaths in these
91 elective repairs, an elective mortality rate of 5.5%.
Three deaths occurred in patients who had under-
gone screening. If our estimate of the incidence of
ruptured AAA in the absence of screening (7.3 per
10,000 py) is applied to the screening cohort, we
would have expected 21.8 ruptured AAAs in 5 years
in the screening arm. Ruptured AAA had a total
mortality of 78% during the study period. We would
therefore have expected to have seen 17 deaths as a
result of ruptured AAA in the screening arm, as
compared with the nine deaths observed. On this
basis, eight deaths would have been prevented. In
practice, 9729 men were screened during the study
period and 53 elective AAA repairs were performed
as a result of screening, with three operative deaths
in this group. Thus, a net total of five lives are likely
to have been saved in the screening arm. On these
assumptions, we would need to screen 2000 men
and perform 10 elective operations to save one life.
DISCUSSION
This study shows that screening in the Hunt-
ingdon district has been associated with a reduction
of 49% in the incidence of ruptured AAAs. The
reduction in mortality of ruptured AAA in the invit-
ed group is estimated at 45%. An effect of screening
on all-cause mortality is unlikely to be seen in such
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Table IV. Incidence rates of ruptured abdominal aortic aneurysms in the male population over the age of
50 years in Huntingdon district
Group No. RAAAs py Rate 95% CI
Total male population 62 100,011 6.2 4.8 - 7.9
Invited for screening 11 29,839 3.7 1.9 - 6.3
Screened 6 21,858 2.7 1.1 - 5.6
Not invited 51 70,172 7.3 5.5 - 9.4
Refused 5 7981 6.8 2.2 - 13.5
Incidence rates are per 10,000 py of population at risk.
Subjects lost to follow-up were censored from the date of their removal from the registers of the health authority.
py, Persons per year; CI, confidence interval.
a small sample because ruptured AAA accounts for
only 1.1% of all the deaths in men over the age of
50 years.1
The estimates of the effects of screening are
unbiased, even in the absence of strict randomiza-
tion, because in the stepped wedge design each sub-
ject acts as his own control. Thus, each subject con-
tributed to the follow-up of the control (noninvited)
population before any appointment had been given
and to the follow-up of the invited population after
the appointment date. It is well known that the par-
ticipants of health promotion programs, such as a
screening program, are more health conscious than
the general population. This is the “healthy volun-
teer effect.” However, an intention-to-treat analysis
on the basis of whether an invitation had been sent,
irrespective of whether or not the subjected attend-
ed, eliminates this volunteer bias. Furthermore, it
gives a more realistic appraisal of the potential effect
of offering a new service to a population.
It is possible that the population not yet invited
for screening differed from the population who had
been invited, but this is unlikely because screening
was carried out for one GP practice at a time. There
was no predetermined order in which the GP prac-
tices were asked to participate in the screening pro-
gram, nor was there a predetermined order for the
invitation of subjects within practices because they
were invited in alphabetical order according to sur-
name. The patients were not allowed to invite them-
selves. Therefore, the time at which any given sub-
ject entered the invited group can be considered to
have been allocated at random.
It is theoretically possible that the reduction in
the incidence of ruptures during the screening peri-
od coincided with a period effect if there had been a
generally decreasing trend in the incidence of AAA.
However, the rising trend in mortality of ruptured
AAA observed in the neighboring district of
Kettering and nationally in the statistics of the Office
of National Statistics2 makes this unlikely.
Finally, there is the possibility of a minimal age
bias in our study because the invited cohort would
inevitably be slightly older than the noninvited
cohort. This effect consists of an inflation of the non-
invited cohort with those men reaching the age of 50
years in those GP practices that have already partici-
pated in the screening program. We can calculate
from the age distribution of the study population that
the magnitude of this effect is less than 1%. Moreover,
such an age effect would lead to a conservative bias in
estimating the beneficial effect of screening because
the incidence of ruptured AAA increases with age.
Patients who might have died outside the district
were not included in the follow-up, but their num-
ber was negligible because the elderly population in
Huntingdon is an extremely stable population.
There has been a net yearly increase in the elderly
population of the district of 2% for the last 5 years
(Table I). Furthermore, in the last 10 years, there
were only two ruptured AAAs that occurred in
Huntingdon in residents from outside the district.
There is little doubt that the screening program
has made the local GPs more “aneurysms aware.” It
is therefore possible that the GPs were more likely to
palpate the abdomen for an aneurysm during a rou-
tine check-up examination or during examinations of
elderly patients with vague abdominal or lower back
symptoms. It is also conceivable that the general pub-
lic were educated about this condition as a result of
the screening project and were more likely to consult
their GP after a chance finding of an asymptomatic
pulsatile swelling in their abdomen. During the study
period, 91 elective aneurysm repairs were performed,
53 of which were the direct result of asymptomatic
aneurysms picked up with the screening program.
So, 38 elective aneurysms were detected in subjects
not yet screened. Therefore, some ruptures may have
been prevented in the control arm as a result of the
education of the GPs and the public. It is most like-
ly that education would lead to a conservative bias
(ie, would underestimate the effect of screening on
the incidence of ruptured AAA).
There has been one published report of a ran-
domized controlled trial of screening for AAAs. This
study showed a reduction in the incidence of rup-
ture of 55% in men who actually underwent screen-
ing as compared with those in the control arm. In
women, no benefit was detected.17
CONCLUSION
Our study shows that, after an average follow-up
period of 2.5 years after invitation, screening for
asymptomatic AAAs is likely to have reduced the
incidence of ruptured AAAs by 49% and the mortal-
ity from ruptured AAAs by 45%. However, the CI of
this estimate is wide as a result of the relative short
follow-up period. Further follow-up examination is
needed to assess the true magnitude of this effect
and to determine for how long it continues.
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